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RESFEARCH MEMORANDUM

AFRODYNAMIC CHARACTERISTICS OF TAPERED WINGS
HAVING ASPECT RATIOS OF L4, 6, AND 8, QUARTER-CHORD LINES

SWEPT BACK 45°, AND NACA 631.A.012 ATRFOIL SECTIONS

TRANSONIC-BUMP METHOD

By Edward C. Polherms and Thomas J. King, Jr.
SUMMARY

Ag part of e transonic research program conducted by the Netional
Advisory Coomittee for Aeronautics, a series of winge 1s being investi-
gated in the Lengley high-gspeed T- by 10-foot tunnel over a Mach mumber
range of 0.70 to 1.15 by use of the transonic-bump technlique.

¢ This paper presents 11ft, drag, pltching-moment, end rocot-bending-
moment dats of wings having aspect ratios of 8, 6, and 4, quarter-chord
lines swept back 459, and NACA 63;A012 eirfoil sections parallel to the
plane of symmetry. The wings having aspect ratios of 6 and % were
obtained by removing portlons of the tip of the wing heving an aspect
ratio of 8 and, therefore, the taper ratios were 0.45, 0.56, and 0.68.

All three wings, and especially the wing having an aspect ratio
of 8, were characterized at low 1lifts by large reductions in 1lift-curve
slope and very lerge forward movements of the aerodynamic center in the
Mach number range from about 0.85 to about 1.0. However, above a 1lift
coefficlent of about 0.10 the pltching-moment characteristics as &
function of Msch mumber were consldersbly better especlally for the
wing having an aspect ratio of 4. All three wings had a rather gradusl
drag rise starting in the Mach number range from about 0.90 to
ebout 0.95.
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INTRODUCTION

A gerles of wings and wing-fuselage comblnations 18 being invesgti-
geted in the Langley high-speed T- by 10-foot tumnel to study the
effects of wing geometry on longitudinal stability characteristics at
transonic speeds. A Mach number range of 0.70 to 1.15 wes obtalned by
use of the transonic-bump technigue.

This paper presents the results of an investigation of force and
moment characteristics of wings having aspect ratios of 8, 6, and &,
quarter-chord lines swept back 45°, and NACA 63,4012 airfoil sections
parallel to the plane of gymmetry. The wings hav:lng aspect ratios of 6
and 4 were obtained by removing portions of the tip of the wing having
an aspgcaz‘t ratio of 8 a.nd therefore, the taper ratios were 0.15, 0.56,
and O i

Although the Reynolds numbers of the tests were extremely low
(about 570,000) and the spanwige Mach number gradient was rather large,
it is felt that the results will glve at least a qualitative indication

of the difficulties that may be anticipa.ted with relatively thick wings
in the transonic speed range.

COEFFICIENTS AND SYMBOLS

Cr, 1ift coefficient (Twice pemispan 11ft)
o]
o drag coefficient (lw_ii___senié;ws)
Cn pitching-moment coefficient referred to 0.258
Twice semispan pitching moment
gSc
Cy bending-moment coefficient at plane of symmetry
Root bending moment
B b . . .
q. 55 : .=
q effective dynamic 2]pressure over span of model, pounds per .
square foot (pV /2
8 twlce wing ares of semispan model, square feet
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mean aerodynamic chord of wing, feet, based orn reletionship

2
(using the theoreticel tip) % fb czdy)
o)

ol

A aspect ratio (%2-)

c local wing chord, feet

b twlce span of semlispan model, feet

¥y spanwige distance from plene of symmetry

alr density, slugs per cublc foot

free-stream veloclty, feet per second

M effective Mach number over span of model

M local Mech number

My average local Mach number, chordwlse

R Reynolds number of wing based on €

X distance along airfoll chord, percent chord
Y alrfoil ordinate, percent chord

R

angle of attack, degrees
CDg, mo drag coefficlent at zero 1ift
L :

MODELS

The basic model hed 1!-50 of sweepback referred to the quarter-chord
line, an aspect ratio of 8.0, a taper ratio of 0.45, and an NACA 63;A012
airfoil section parallel to the plane of symmetry. The models obtained
by removing portions of the tip of the basic wing had aspect ratios
of 6.0 and 4.0 with taper ratios of approximetely 0.56 and 0.68, respec-
tively. All three wings had tips of revolutlon. Detalls of the models
which were constructed of beryllium copper are presented In figure 1
and the airfoll ordinates (obtained from reference 1) are given in
table I. The end plaete shown in figure 1 was used to minimize leakage
effects due to the angle-of-atteck cutout. -
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APPARATUS AND TESTS

The tests were conducted in the Langley high-speed 7- by 10-foot
tunnel, an adaptation of the NACA wing-flow technique being used to
obtain transonic gpeeds. The method used involves the mounting of a
model in the high-velocity flow fleld generated over the curved surface
of & bump located on the tumnel floor. (See reference 2). The model
is mounted on an electrical straln-gage balance enclosed in the bump.
The 1ift, drag, pltching moment, and bending moment are measured wlth
potentiometers, A photograph of the model mounted on the bump is shown
ag figure 2. . :

Typlcel contouras of local Mach numbers in the region of the model
location on the bump, obtalned from surveys with no model in posltion,
are shown in figure 3. There 18 a Mach number gradient which results
in differences of 0.06 to 0.08 over the span of the semispan model of
aspect ratio 8 at the low Mach numbers and of 0.10 to 0.1l at the
highest Mach numbers. The chordwlse Mach number gradlent 1s generally
less then 0.01l. The long-dash llnes shown near the wing root represent _
8 local Mach number 5 percent below the maximum value and indicate the
extent of the bump boundary layer. The effective test Mach number was
obtalned from contour charte similar to those presented in figure 3
from the relatlionshlp .

o /2 e . . SN
=5, ¥ S . SN

Th,e; variation of test Reynolde number with Mach number is shown in
figure i, )

Force and moment data were obtalned through & Mach number range
of 0.70 to 1.15 and en angle~of-ettack range of -2° to 10° except for
the wing having an aspect ratio of 4 where the maximum angle was 6°.

The end-plate teare corrections to the drag were obtained through
the test Mach number range at an angle of attack of O° by testing the
model configuration without an end plate. A gap of about 1/16 inch was
malntained between the wing root and the bump surface, and a sponge-
wiper seal (fig. 5) was fastened to the wing butt beneath the surface
of the bump to minimize leakage. End-plate tares obteined in previocus
investigations were found to be constent with angle of attack, end the
tares obtained at zero angle of attack in the present investigation were
applied to all drag data. XNo end-plate-tare corrections were applied N
to the 1lift, pitching moment, end bending moment. Jet-boundary correc- )
tions have not been evaluated since the boundary conditions to be satis-
fied are not rigorously defined. However, inssmich as the effective .
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flow field 1s large compared with the span and chord of the model, these
correctlons are belleved to be small. The basic datae have not been
corrected for deflectlon under load; however, the lift-curve glopes of
the wings having aspect raetios of 8 and 6 haye been corrected for
deflection under load by combining static-loeding test results with
aerodynamic strip theory and the corrections are presented in table II.
The corrections for the wing heving an aspect retio of 4 are negligible
and no corrections have been spplied. No attempt has been made to cor-
rect the aerodynemic-center positions for deflectlions under load since
such correctlione are so critically dependent upon both the spanwise and
chordwise loadings which are unknown in the transonic range. An egtimate
based on potential flow indicates the meximum correction to be about

T percent of the mean serodynamic chord.

RESULTS AND DISCUSSION  ~—

The force and moment date are presented in figures 6, 7, and 8 and
a summary of the serodynamic characteristics throughout the test Mach
number range is shown in figure 9. The slopes summarized in figure 9
have been averaged over the 1lift-coefficient range fram approximetely
-0.1 to +0.1. The lift-curve slopes presented in figure 9 have been
corrected for deflection under load (see section efititled "Apparastus
and Tests").

Lift Characteristica

The variation of the lift-curve slope (fig. 9) with Mach number
for all three aspect ratliqs 1s characterized by an extremely large loss
of 1ift-curve slope in the Mach number range from about 0.85 to about -
1.00 due to shock stall. The reason for the different type of 1ift-
curve-slope verletion of the wing having an aspect ratio of 8 below a
Mach mumber of 0.85 is not known. Above & Mach mutber of 1.00 there 1is
a rapld recovery of lift-curve slope up to a Mach Zumber of about 1.08
a8 the shock moves to the rear of the airfoil and above thls Mach nmumber
the lift-curve slope remains esgentially constant up to the highest Mach
number tested. The slopes presented in figure 9 sre for the low-1ift
range and it will be noted in figures 6 to 8 that in the high-1ift range
the variation of lift-curve slope with Mach mumber 1s considersbly less.
The experimental lift-curve slopes at a Mach number of 0.70 are compared
with the theoretical values determined by the Weisslinger method (refer-
ence 3} in the following table:
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ac
A ..__L. .B_CL_X 1.08 EL_
da ) da
(Theoreticel) | (Theoretical) | (Experimental)
8 0.070 0.076 0.07%
6 " .065 .070 072
i .062 067 .065

It will be noted that the Weisslnger values are somewhat lower than the
experimental values for all three aspect ratios. However a comparigon
of some Weissinger solutions with some Falkner 1ifting-surface solutions
(references 4 and 5) indicates that for the sweep angle of these wings
the Weissinger solutions are probably about 8 percent low. When the
Weisgsinger values are increased by 8 percent the agreement between the
theory and experiment is somewhat better.

Although the accuracy of the bendlng-moment data, as reflected by
the point scatter, is rather poor, it indlicates a large inboard ghift
of 1ift around & Mach mumber of 1.00 in the low-1lift-coefficlent range
(see figs. 6 to 8).

Drag Characteristics

The variation of the drag coefficilent at zero 1lift coefficlent with
Mach number for the three wings tested is presented in figure 9. At a
Mach number of 0.70 all three wings have a drag coefficlent of about
0.009. All three wings have a rather gradual drag rise starting in the
Mach number range from about 0.90 to 0.95. The drag of the wing having
en aspect retia of 8 levels off to a value of about O. 036, whereas the
wings having aspect ratios of 6 and 4 level off to a valug of about
0.0L7. The inferior drag characteristics of the wings having aspect
ratios of 6 and 4 might possibly be due to the fact that, as the aspect
ratio decreases, the loss of sweep effect over the inboard region of ‘the
wing affects a larger percent of the wing. The rather unusual wvarlation
of drag coefficient with 1ift coefficient at a Mach number of 1.00 (see
fig. 6 for example). 1s due to the large decrease in lift-curve slope in
the low-1ift range at this Mach number. '

Pitching-Moment Characteristics
The veriation of the ser¢odynamic center with Mach npumber for all

three aspect ratios in the lift-coefficient range of *0.10 1s charac-
terized by extremely large forwerd movements in the Mach number range

“CONFIDENGIAL
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from ebout 0.85 to sbout 1.00 (fig. 9). Above a Mech number of 1.00
there is a rapid rearward movement of the aerodynamic center for all
three aspect ratios. The varistion of the serodynemic center with Mach
number is, to a large extent, due to variations in the lateral center
of pressure with Mach number. Although the varlation of the serodynamic
center with Mech number decreased as the aspect retlo was reduced, it 1s
rather large even for the wing having an aspect ratio of 4. In the Mech
number range from 0.85 to 1.00 the aercdynamic center in the low-lift
range of the wing having an aspect ratio of 4 moved forwasrd approxi-
mately 46 percent of the mean aerodynsmic chord, whereas the movements
for the wings of aspect ratios 6 and 8 were in excess of 100 percent of
the mean aerodynamic chord. In the Mach number range from about 0.95 to
about 1.05 the varlation of pltching-moment coefficlent with 1ift coef-
ficlent 18 very nonlinear (figs. 6 to 8), and above & 1ift coefficient
of about 0.10 the pltching-moment characteristics as a function of Mach
number are conslderably better especlelly for the wing having an aspect
ratio of 4. Although the changes in taper ratio could have some effect,
i1t 1s belleved that the results presented are due mainly to the change
in aspect ratlo.

CONCLUSIONS

The results of an investigation of tapered wings having aspect
ratios 4, 6, and 8, quarter-chord lines swept 45°, and NACA 63;A012 air-
foll sectlons indicate the following conclusions:

1. The varistion of the lift-curve slope in the low-1lift renge with
Mech number for all three aspect retios was cheracterlized by an extremely
large decreese in lift-curve slope in the Mach number range fram about
0.85 to ebout 1.00.

2. All three wings hed a rather gradusl drag rise sterting in the
Mach number range from about 0.90 to @bout 0.95.

3. The variation of the eerodynemic center with Mech number for
all three aspect ratios, and especlally the wing having an aspect ratio
of 8, is characterized in the low-1lift range by extremely large forward
movements in the Mach number range from sbout 0.85 to 1.00 followed by
a rapid rearward movement. However, ebove a 1ift coefficlent of gbout
0.10 the pitching-moment characteristics as a functlon of Mach number
are consliderably better especially for the wing having an aspect ratio
of L.

Langley Aeronauticel Laboratory
National Advisory Committee for Aeronsutics
Lengley Fleld, Va.
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Figure 1.~ Plan-form dravings of tepered
and 8, quarter-chord lines swept back iso
sections.

having aspect ratios &, 6,
; and NACA 63,4012 airfoil
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Figure 4.~ Veriation of test Reynolds number with Mach number for wings
with 45° sweepback and NACA 6314012 airfoil section.



NACA RM 1.51C26 LSONPEPFNTTET : 15

e R R B r e - T =k DU R ' - ~ RS o -

L w i EYSLNT e

Spgnge-—y_ug_er_f_eg_l Bee

bwr i 1

il

L-61938.1

Flgure 5.- Plctorial view showing sponge-wiper-sesl installstion on
the model. « = 0°,






NACA BM I151C26 T LONETDENTL Ade—" 17

v
L4
A
8
d a M M
0 f/. : ?/{ 1.15 6 0 boet L L TO L 1156
IREriN% a o<
0 Vld 1.10 © 0 ot =1 11009
li ] | 9
0 : 4 o — )
7 . A 105 @ 0 : 1.05 %
i / 3
7 1.00 & 3| L ] .
0 1 Jio 7 ] 1.00 &
4 o £ -
0 s 980 B , . .98 ¢
o] ar.
50 v 950 & 0 _F £ 95 ©
: o 5 * :
a4 ' - :
8012 V@YG/ 4— .93a g N yf 93 @
pracy
o £ o A
Py
B g8 ? ] ©on Fo FENNN-S, 0 B
<04 .80 & go.l—vAAfﬁ. ! .80 ©
0 P/J!Er .70 @ 0} -mqgr% J 70 |
-4 -1 . &
-2 0 .2 4 B -2 0 .2 4 .8
Lift coefficient, CL Lift coefficient, CL

Figure 6.- Aerodynamic characteristics of a 45° sweptback wing with aspect
ratio 8, taper ratio 0.45, and NACA 631A012 airfoil.



18 GONEIDENRTAT™ NACA RM L51C26
V
L
pl
=
. . = A ]
' M - M
] FTr A
o} c TR DO o / 1,15 o 0 v l.15 &
0 ] P//‘ 1109 0 (G;*E’E’ ca 1.10 @
; 4
2l ' '
o 1.
0 Qﬁ!@@ ldf 05 N 0 ‘rqi p 1.05 9
e > -
0 A= S t100a &0 e //@w 1.00 &
A - 4 o T - .
- 0 I A 1V N [P g 0 YMLW 3 .98 ¢
E o] , :.‘% < _
S0 950 8 0 Lo” | 4] .95 @
g o/ S =1 | P11
O @ g
0 .12 - 93 a 0 .3 : : .93 6
éﬂ DS B B 7 § W ’ d /C
“ o .08 S o f'ép 0 .2 LIt 4 LA 00 B
odote= ] |1 | 8 [~ <] ’/)
>}
0 .04 5} 806 & 0 .1 i 80
i S
0 .70 | 0 i 70 @
WJ *:::g;;r.
I - -_1 1 I !
-2 0 .2 4 8 -2 0 .2 4 .6
Lift coefficient, C L Lift coefficient, Cj

Figure 6.- Concluded.



>

NACA RM L51C26 —ESNT I DENT T
[~
d I
o 7
R
o P e o e
0 }7 ﬁﬂjj l.iocw 0 oot
7 /)J 4/ E Q < =
0 //"-/- 1.05 % Q Lo r
5 0 ¥ =2 J 1.00 & E 0 . P
S 2 & - 5
- V-
2 0 ] V4 95 @ 8 0 :
n i a
~ 43
§ 012 Vil ot v .90 B g 0 i Pt
« v/ & .
L7 = /-
‘6 < &
808 ;;Tﬂf 85 a Y 0 "
Eq N ' g
< 0 4 80 & 8 0.1 A e
& A rO—to_| f
0 ﬂ/&/m‘ 70 @ 0 hg—-a—?—a-—m 3 gt 0T
4 . 1 i

-2 0 2 4 6
Lift coefficient, C;

-2 G 2 4 . .6
Lift coefficient, CL

19

1.i5 @

1,10 ©

105 %

100 &

95 @

90 B

.85 A

80 &

03

Figure T.- Aerodynamic characteristics of a L45° sweptback wing with aspect
ratio 6, taper ratio 0.56, and NACA 63,4012 airfoil.



NACA RM L51C26

20 CONEIDH b
//
K
P
= v
n/x( M : -
[c ™ @
0 il bl 1.15 o 0
] e Y]
0 o) £ t.10e . O
m
0 Lo 7” 105w © O »
e » o g t
-~ 0 .06 & O _ 5
*g."; o] ﬁ —
g 0 £ 950 & O T
8 - 4 T
3] Vi ¢ 0 .3 A o
0.12 HOon g A
5 A g i
o s 85 a gaO.z i ET_
< £ A4
ﬂ n
0 .04 [P f] 800 & 0.1 » 1
ol - '
0 .70 0 .
- 1 !
-2 0 .2 .4 .8 -2 0 .2 4 .6

Lift coefficient, C

L

Figure T.- Concluded.

Lift coefficient, Ci,

85 &
Ow o

70 |/

o



NACA RM L51C26 SO T~ 21

/ M M
/.’
W .
0 e 1.15 & 0 o] 1.15 o
C \o
0 % 1.10 @ 0 o= o 1o 1,10 ©
J ~
A e o AL o
. .;.: 3~
mo V{, — 1,00 o EZO T s 1.00 &
o g
- O % ~ -950 [+] O - "‘:\ o95 0
U‘ | 8 aoj \-ﬁ
-~ -
S ;r}/ o 90 D é‘ o Pyt .90 B
b5 . We " g
8 g8 e Ll 854 F o S .85 a
g o » L ¥
& = I =
BZamv: A
0 ;‘/Er 70 3 0 lolotmoex _/JIL'r 70 @
i ~E |
-4 -1

-2 .0 2 A4 .6 o .2 4 .6

J
AV

Lift coefficient, C Lift coefficient, C

L L

Figure 8.- Aerodynamic characteristics of a 45° sweptback wing with aspect
ratio 4, taper ratio 0.68, and NACA 63,4012 airfoil.



Drag coefficient, CD

(@]

(@]

o

o

o

(@]

Figure 8.~ Concluded.

~SQUETDEFPFATN NACA RM L51C26
/4.0
o M | M
oda-b-o o
. 1.15 ¢ 0 = 1.15 &
Pa , 1
Lq_‘ : D
1,10 @ 0 ; - 1,10 @
» Lo | &
' M HB4lN
P = . 1.05 N QO 0 . N a/ 1.05 <
0 _‘_:‘
P 1006 & 0 4l 1.00 &
b
F 95 © § 0 95 @
S0pn S 0 .3 - 90 B
A / g A/r O
o g [~ Iy
85 A 0 .
.08 > 5 gp .2 » i 85 a
04 SorrtO—] 80 o '% 0 1 1 ﬂ 80 ©
. /[ . m qﬁ/ P):/ .
0 i S0 @ 0 P,&f S0 B
e -.1 —_—r 1
-2 0 W2 K .6 - =2 0 2 ! .8
Lift coefficient, Cp Lift coefficient, Cy



NACA RM L51C26 CONFIOENTEAE— ' 23

Aspect ratio

—— 8
——— 8

———q

08 AT

—

(ac Tk
~= B BN
@ .08

A

/5:::>
04 N
' NIV
‘*
02
.08
DA ~
C; = A==
L™ .04 /;,
/'2
="
0
1.2 l
] I
—
\ ﬂ ‘! \
2cn) UREA
L RN N
0 ===tz =1
ECA
-4

T .8 .9 1.0 1.1 1.2
' Mach number, M

Figure 9.- Lift-curve slopes, drag coefficient at zero 1lift, and aerodynsmic-
center location of wings with 45° sweepback and NACA 63;A012 airfoil
section.
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